In this paper, the method for determining of turning point location of concave solutions for some class of singularly perturbed nonlinear differential equations subject to the Dirichlet boundary conditions is proposed.
Introduction
In this paper, we consider the class of nonlinear singularly perturbed systems described by differential equation of the form y + f (x, y) = 0, x ∈ [a, b], 0 < << 1 (1) subject to the Dirichlet boundary conditions
where f ∈ C ([a, b] × R) , f is a positive-valued function and A , B are real numbers. We note, that from the assumption f > 0 it follows that the solution of problem (1), (2) is a concave function on [a, b] . We focus our attention on the existence and an estimate of location of the turning points x T P, of the solutions y of the problem (1), (2) . We define a turning point of a solution y as the point x T P, ∈ (a, b) such that y (x T P, ) = 0 and y (x T P, ) = 0. Obviously, under our assumption, there exists at most one turning point x T P, of solution y for every fixed value of singular perturbation parameter and y (x T P, ) < 0, that is, x T P, is a point of local maximum of the solution y . The problem of computing a value x T P, for which a solution y (or other function) has a turning point occurs frequently in scientific and engineering work. In many cases of practical interest, however, an analytic form for y or y is unavailable or difficult to obtain.
Another approach to the study of singularly perturbed problems can be find in the paper [5] .
Boundary value problems (1), (2) can arise in the study of the steady-states of a heated bar with a thermostat described by partial differential equation
with stationary condition ∂y/∂t = 0, where the controller at x = b maintains a temperature according to the temperature registered by a sensor at x = a. In this case, we consider a uniform bar of length b − a with non-uniform temperature lying on the x-axis from x = a to x = b and the temperature B on the right end of bar is a function of the temperature A on the left end of bar, B = φ (A ) . The parameter represents the thermal diffusivity. Thus, the singular perturbation problems are of common occurrence in modeling the heat-transport problems with large Peclet number [1] , [3] , [7] ; the point x T P, , if one exists, is the maximum temperature point on the considered bar. Also, we remark that in the cases under consideration, the reduced equation, that is, if we let → 0 + in (1), f (x, y) = 0 does not admit a solution η(x), the existence of which is a crucial assumption for an analysis of asymptotic behavior of solutions to problem (1), (2) for tendings to zero, and are widely studied by many authors; see [2] , [4] and the references therein. One of the typical behaviors of solutions of the singularly perturbed differential equations is the boundary layer phenomenon: the solutions vary rapidly within very thin layer regions near the boundary. The solutions generically start with fast transient (|y (a)| → ∞) of y (x) from y (a) to η(x), which is the so-called boundary layer phenomenon, and after decay of this transient they remain close to η(x) with an arising new fast transient of y (x) from η(x) to y (b) (|y (b)| → ∞). Boundary layers are formed due to the nonuniform convergence of the exact solution y to the degenerate solution η in the neighborhood of the ends a and b of the considered interval. In this case the turning points of solutions are determined for small with sufficient precision by the turning points of the solution of reduced problem.
Our goal is to extend a turning point analysis of the singularly perturbed problems to the cases where does not exist a solution of reduced problem f (x, y) = 0.
Conditions for the existence of turning point
Now we derive a necessary and sufficient condition for the existence of turning point for solution of the problem (1), (2).
Theorem 2.1 (compare with [6] ). The point x T P, ∈ (a, b) is a turning point of the solution y of the problem (1), (2) 
if and only if the integral identity
holds. 
Corollary 2.2 Let y is a solution of the problem (1), (2) with

Proof. The mean value theorem for integrals implies the existence of
Moreover, from the assumption f > 0 it follows that the λ is unique and λ ∈ (a, b). Also, λ = x T P, . In the following section we introduce the existence theorem for solutions of problem (1), (2).
Remark 2.3 If
Solutions and their asymptotic behavior
Using the method of lower and upper solutions (see e.g. [4] ) we can to prove the following theorem. The proof follows standard techniques, and is therefore omitted. 
Theorem 3.1 Let f is a continuous function such that
0 < m ≤ f (x, y) ≤ M (4) for every (x, y) ∈ [a, b] × R,y i (x) = − x 2 i 2 + c 1 x + c 2 , c 1 = k 2 − k 1 b − a , c 2 = k 1 b − k 2 a b − a , k 1 = A + a 2 i 2 , k 2 = B + b 2 i 2 , i = m, M.
An estimate of a turning point location
In this section we state a theorem which is the main result of article concerning the estimate of location of a turning point x T P, of solution y of the problem (1), (2).
Theorem 4.1 (compare with [6]). Let the assumptions of Theorem 3.1 are fulfilled and let there exist Riemann integrable functions g L and g
Then
where x L, and x U, are the solutions of integral equation
and
respectively, and the difference 
To illustrate how our main result can be used in practice we present an example.
Example 4.3 Consider a nonlinear boundary value problem
on the interval [0, 
